Results: A total of 334 persons had incident MCI, 160 (47.9%) had amnestic MCI, and 174 (52.1%) had nonamnestic MCI. Diabetes was related to a significantly higher risk of all-cause MCI and amnestic MCI after adjustment for all covariates. Diabetes was also related to a higher risk of nonamnestic MCI, but this association was appreciably attenuated after adjustment for socioeconomic variables and vascular risk factors. The risk of MCI attributable to diabetes was 8.8% for the whole sample and was higher for African American persons (8.4%) and Hispanic persons (11.0%) compared with nonHispanic white persons (4.6%), reflecting the higher prevalence of diabetes in minority populations in the United States.
Conclusion:
Diabetes is related to a higher risk of amnestic MCI in a population with a high prevalence of this disorder.
Arch Neurol. 2007; 64:570-575 A MONG CARDIOVASCULAR risk factors, type 2 diabetes mellitus has been consistently related to a higher risk of Alzheimer disease (AD). [1] [2] [3] [4] [5] [6] This association is presumed to be the result of the effects of peripheral hyperinsulinemia on the clearance of brain amyloid ␤, 7, 8 the putative main culprit in the pathogenesis of AD, 9 or of other mechanisms such as advanced products of glycosylation. 10 The prevalence of diabetes is more than 10% in the elderly population in the United States, 11 is twice as high in African American and Hispanic populations compared with non-Hispanic white populations, 12 and is more than 20% in persons 65 years or older in the predominantly minority population of northern Manhattan in New York, NY. 13 Interest is growing in preclinical transitional states of AD as targets for treatment and prevention. Mild cognitive impairment (MCI), and particularly amnestic MCI, has been described as a transitional state between normal cognition and AD [14] [15] [16] that is increasingly used in clinical and research settings. We previously demonstrated that diabetes is associated with an increased risk of AD and dementia. 2, 17 Thus, we hypothesized that diabetes is also related to a higher risk of MCI, particularly amnestic MCI. Heights, Hamilton Heights, and Inwood). 18 Each participant underwent an in-person interview of general health and function at the time of study entry followed by a standard assessment, including medical history, physical and neurological examination, and a neuropsychological battery. 19 These assessments were performed at each follow-up interval. Baseline data were collected from 1992 through 1994 and follow-up data every 18 months until 2003. The institutional review board of ColumbiaPresbyterian Medical Center (New York, NY) approved this study.
METHODS

PARTICIPANTS AND SETTING
Our study included persons without prevalent MCI or dementia at baseline and with at least 1 follow-up interval. Of 1772 participants with a complete neuropsychological evaluation, 339 (19.1%) were excluded because of prevalent dementia, 304 because of prevalent MCI (17.2%), and 211 because of loss to follow-up (11.9%), resulting in a final sample of 918 participants for longitudinal analyses. Compared with the original 1772 participants, the final sample without prevalent MCI and dementia and with prospective data was younger ( 
NEUROPSYCHOLOGICAL BATTERY
The neuropsychological measures used in this study have been previously described. 19 The evaluation included measures of learning and memory, orientation, abstract reasoning, language, and visuospatial ability. ). Norms for these tests to diagnose MCI have been previously described.
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DIAGNOSIS OF DEMENTIA
Diagnosis of dementia and assignment of specific cause were made by consensus of 2 neurologists, 1 psychiatrist, and 2 neuropsychologists based on baseline and follow-up information. The diagnosis of dementia was based on Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) criteria 31 and required evidence of cognitive deficits on the neuropsychological test battery as well as evidence of impairment in social or occupational function (Clinical Dementia Rating of 1 or more). 32 Diagnosis of AD was based on the National Institute of Neurological Disorders and Stroke-Alzheimer's Disease and Related Disorder Association criteria.
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MCI DIAGNOSTIC CRITERIA
The MCI criteria were retrospectively applied among persons without dementia. Consistent with standard criteria, 16 for all subtypes of MCI, those considered for MCI were required to have the following: (1) memory complaints; (2) objective impairment in at least 1 cognitive domain based on the average of the scores on the neuropsychological measures within that domain and a 1.5-SD cutoff using normative corrections for age, years of education, ethnicity, and sex; (3) essentially preserved activities of daily living; and (4) no diagnosis of dementia at the consensus conference.
To cast the widest net to determine prevalence of MCI and to determine which individuals were more likely to progress to dementia, we expanded the original Petersen criteria, 34 which focus on memory impairment, to include mutually exclusive subtypes based on cognitive features. Our first subtype, amnestic MCI, corresponds most closely to the original definition used by Petersen and colleagues. Memory impairment was defined as a score of less than 1.5 SDs below the demographically corrected mean on an average composite measure that comprised the following learning and memory measures: (1) total recall from the Selective Reminding Test, (2) delayed free recall from the Selective Reminding Test, and (3) recognition from the Benton Visual Retention Test. Performance on composite scores from all other cognitive domains (ie, executive, language, and visuospatial) was required to be within normal limits (score must be Ն1.5 SDs below the demographically corrected mean). Other MCI subtypes were classified that allowed for impairment in a single nonmemory domain if performance on composite scores from all other cognitive domains was within normal limits. Executive MCI was assigned if impairment was demonstrated on an average composite measure that comprised the following measures: (1) letter fluency, (2) category fluency, and (3) the Wechsler Adult Intelligence Scale-Revised similarities subtest. Language MCI was defined as isolated impairment on an average composite measure that comprised (1) the Boston Naming Test, (2) the BDAE repetition test, and (3) the BDAE comprehension test. Visuospatial MCI was assigned if impairment was demonstrated on an average composite measure that comprised (1) Rosen Drawing and (2) Benton Visual Retention Test matching. Finally, we allowed for impairment in multiple cognitive domains in the absence of dementia. Multiple cognitive domains with memory impairment MCI (MCI-MCDM) was diagnosed if there was objective impairment on the memory domain composite score and if there was impairment on at least 1 other cognitive domain. Multiple cognitive domains without memory impairment MCI was assigned if there was impairment in 2 or more of the 3 nonmemory domains and if the memory domain composite score was within normal limits. Classification into the 6 subtypes was mutually exclusive. We used 3 outcomes for these analyses: (1) all-cause MCI; (2) amnestic MCI, which included amnestic MCI and MCI-MCDM; and (3) nonamnestic MCI. The rationale for grouping amnestic MCI and MCI-MCDM is that amnestic MCI and MCI-MCDM equally predict the development of AD and MCI-MCDM is thought to be a more advanced form of amnestic MCI involving other cognitive domains.
DEFINITION OF DIABETES AND OTHER COVARIATES
History of type 2 diabetes mellitus was ascertained by selfreport or the use of diabetes medications at baseline and each follow-up visit. Hypertension, heart disease, and smoking were defined by self-report. Heart disease included a history of atrial fibrillation and other arrhythmias, congestive heart failure, myocardial infarction, and angina pectoris. Smoking was classified into never, current, and past smoking. Fasting plasma total cholesterol and triglyceride levels were determined at the first follow-up using standard enzymatic techniques. High-density lipoprotein cholesterol levels were determined after precipitation of apolipoprotein B-containing lipoproteins with phosphotungstic acid. 35 The low-density lipoprotein cholesterol level was recalculated using the formula of Friedewald et al. 36 The apolipoprotein E (APOE) genotypes were determined as described by Hixson and Vernier 37 with slight modification. 38 We classified persons as homozygous or heterozygous for the APOE ε4 allele or as not having any ε4 allele.
STATISTICAL ANALYSIS
Bivariate analyses compared variables between persons with and without diabetes. Continuous variables were compared using analysis of variance, and categorical variables were compared using 2 tests. 39 Cox proportional hazards regression models 40 were used in multivariate analyses exploring the association of diabetes with incident all-cause MCI, amnestic MCI, and nonamnestic MCI. The time-to-event variable was age at diagnosis of MCI. Among individuals who did not develop MCI, those who developed dementia were censored at the time of dementia diagnosis, and those who did not develop dementia were censored at the time of last follow-up. We show the results of multivariate analyses for 3 models: 1 adjusted for age and sex; 1 adjusted also for education, ethnic group, and APOE ε4; and 1 additionally adjusted for hypertension, low-density lipoprotein cholesterol level, heart disease, stroke, and current smoking, with the caveat that some of these variables may be in the causal pathway between diabetes and cognitive disorders, 17 and attenuation of the hazard ratios (HRs) in this model should be considered evidence of mediation and not of confounding. The risk of MCI attributable to diabetes was calculated using the following formula:
where PAR is population attributable risk, RR is the adjusted HR obtained from the multivariate models, and p is the prevalence of diabetes in this sample. 41 All analyses were conducted using SAS statistical software, version 9.1 for Windows (SAS Institute Inc, Cary, NC).
RESULTS
There were 334 incident MCI cases, 160 amnestic MCI cases and 174 cases of nonamnestic MCI in 5556 personyears of follow-up (mean ± SD, 6.1 ± 3.2 years per person). The mean±SD age of the sample was 75.9±6.0 years, and the mean ± SD duration of education was 8.9 ± 4.6 years. Women represented 69.9% of the sample, 43.9% were Hispanic, 33.6% were African American, and 22.5% were non-Hispanic white. Diabetes was reported by 23.9% of persons, hypertension by 68.2%, heart disease by 33.9%, and stroke by 15.0%; 28.3% of the sample carried the APOE ε4 allele. The mean±SD low-density lipoprotein cholesterol level was 120.4 ± 36.7 mg/dL (3.12 ± 0.95 mmol/L).
Compared with persons without diabetes, persons with diabetes were younger, were more likely to be Hispanic, were less likely to be non-Hispanic white, had fewer years of education, and were more likely to have hypertension, heart disease, and stroke ( Table 1) . Persons with incident MCI were more likely to report diabetes and hypertension at baseline and had a longer study follow-up time ( Table 2) .
In multivariate analyses (Table 3) , diabetes was related to a higher risk of all-cause MCI even after adjusting for age, sex, ethnic group, years of education, APOE ε4, hypertension, low-density lipoprotein level, heart disease, stroke, and current smoking (HR, 1.4; 95% confidence interval [CI], 1.1-1.8).
When only amnestic MCI was considered the outcome of interest, the HR was unchanged (HR, 1.5; 95% CI, 1.0-2.2). When nonamnestic MCI was considered, diabetes was related to a higher risk in the model adjusted for age and sex (HR, 1.4; 95% CI, 1.0-1.9), but it became nonsignificant after adjusting for ethnic group, years of education, and APOE ε4 (HR, 1.3; 95% CI, 0.9-1.8). The HR attenuated further after adjusting for other vascular risk factors, heart disease, and stroke (HR, 1.2; 95% CI, 0.9-1.8).
The association between diabetes and MCI was not modified by the presence of APOE ε4. Compared with persons without diabetes and without APOE ε4, persons with diabetes and the APOE ε4 allele had an HR of 1.3 (95% CI, 0.8-2.1), whereas persons with diabetes without the APOE ε4 allele had an HR of 1.5 (95% CI, 1.1-1.9) in the full model. No effect modification by age (categorized by the median) or sex was found.
We calculated the risk of MCI attributable to diabetes for the whole sample and for each ethnic group. The prevalence of diabetes was 23.1% in African American persons, 30.8% in Hispanic persons, and 11.6% in nonHispanic white persons, comparable to data from national surveys. 12 The risk of MCI attributable to diabetes was 8.8% for the whole sample, 8.4% for African American persons, 11.0% for Hispanic persons, and 4.6% for non-Hispanic white persons, reflecting the differences in diabetes prevalence by ethnic group. 
COMMENT
Diabetes was associated with a higher risk of incident allcause MCI in a population with a high prevalence of this disorder. It was also related to a higher risk of amnestic MCI after adjustment for vascular risk factors, heart disease, and stroke, but the relation to nonamnestic MCI was attenuated after adjustment for these covariates. Amnestic MCI has been described as a transitional stage between normal cognition and AD. [14] [15] [16] Nonamnestic MCI may be related to cerebrovascular disease or other cognitive disorders and does not predict the onset of AD. 42 Diabetes is related to a higher risk of AD. [1] [2] [3] 5 Thus, we expected that it would be related to all-cause and amnestic MCI, which is a predictor of AD. Because diabetes is related to a higher risk of cerebrovascular disease and vascular dementia, 43, 44 we also expected that it would be related to a higher risk of nonamnestic MCI, which is more likely to be related to vascular cognitive syndromes. 42 Diabetes could be related to a higher risk of AD and amnestic MCI through direct mechanisms, affecting the amyloid accumulation that is the putative culprit of AD, 9 or indirect mechanisms, namely cerebrovascular disease, 17 which is also related to a higher risk of AD. [45] [46] [47] Hyperinsulinemia, which can precede and accompany diabetes, 48 may disrupt brain amyloid ␤ clearance by means of the insulin degrading enzyme. 7 Another potential mechanism is the generation of advanced products of glycosylation. 10, 49, 50 In our analyses, diabetes was related to a higher risk of amnestic MCI even after adjusting for stroke and vascular risk factors, which suggests that the association between diabetes and amnestic MCI is independent of cerebrovascular disease (assuming that potential residual confounding was not significant enough to account for the association). Conversely, the relation of diabetes to nonamnestic MCI Abbreviations: CI, confidence interval; HR, hazard ratio; MCI, mild cognitive impairment. *Model 1 is adjusted for age and sex; model 2 is also adjusted for ethnic group, years of education, and APOE ε4; and model 3 is also adjusted for hypertension, low-density lipoprotein cholesterol level, current smoking, heart disease, and stroke. Rates are per 100 person-years.
was appreciably attenuated and became nonsignificant after adjustment for stroke and vascular risk factors, suggesting that cerebrovascular disease may mediate the relation between diabetes and nonamnestic MCI.
Our findings have alternative explanations. Diabetes is more prevalent in African American, Hispanic, and lower socioeconomic groups. 12 The risk of AD is also higher in African American and Hispanic populations 51 and in persons with lower educational level 52 ; thus, confounding by ethnic group and socioeconomic status could contribute to our results. We adjusted for ethnic group and years of education without an appreciable change in our results for amnestic MCI. Bias related to the selection of an older cohort of community-dwelling survivors is also possible. Finally, it is possible that our results are explained by chance. However, our findings are consistent with published work relating diabetes to AD in the context of biologically plausible mechanisms.
The prevalence of diabetes was appreciably higher in our study compared with others that have examined the association between diabetes and cognitive impairment, which may raise the issue of sampling bias. However, the high prevalence of diabetes in our study is explained by the fact that it is twice as high in African American and Hispanic elderly persons, 12, 53 who constituted 77.5% of our sample. The prevalence of self-reported diabetes has increased at a 3-fold faster rate in minority compared with white populations. 54 Thus, the high prevalence of diabetes in our sample would be expected in the elderly population of New York City and is in line with national estimates from the national surveys. However, most data on Hispanic populations from national surveys pertain to Mexican Hispanic populations. Virtually all of our Hispanic population is Caribbean Hispanic, mostly from the Dominican Republic, and our study is one of the few sources of information on diabetes prevalence in this population. One of the consequences of the higher prevalence of diabetes in African American and Hispanic people is that the risk of MCI attributable to diabetes in these groups is approximately twice that of non-Hispanic white populations, underscoring the importance of diabetes as a risk factor for MCI particularly in African American and Hispanic elderly populations.
The main limitation of our study is the ascertainment of diabetes by self-report. We did not have measures of glycemia and could not ascertain undiagnosed diabetes or glucose intolerance. Had we defined diabetes by self-report and fasting glycemia, our estimates of the prevalence of diabetes would have been higher than we report. Thus, it is likely that our results are biased toward the null hypothesis and that our findings underestimate the true association between diabetes and MCI.
Our results provide further support to the potentially important independent role of diabetes in the pathogenesis of AD. Diabetes may also be a risk factor for nonamnestic forms of MCI and cognitive impairment, but our analyses need to be repeated in a larger sample.
